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In the title compound, [Cu(C76H9 2 N 4 04)], the central Cu(II) 
ion is situated on an inversion centre. The porphyrinate core 
exhibits a nearly planar conformation [maximum deviation = 
0.027 (3) A], with Cu-N distances of 1.997 (2) and 
2.001 (2) A. The benzene rings of the 4-octyloxyphenyl groups 
are rotated at angles of 84.02 (8) and 77.02 (6)° with respect to 
the mean plane of the porphyrin fragment. The two terminal C 
atoms in the octyl group are disordered over two positions of 
equal occupancy. 

Related literature 

For general background to porphyrin species and their 
applications, see: Holten et al. (2002); Gust & Moore (1985); 
Gunter & Johnston (1992); Anderson & Sanders (1995). For 
related structures, see: Fleischer (1963); Fleischer et al. (1964); 
He (2007). 




Experimental 

Crystal data 

[Cuf^HseN^)] 
M, = 1189.08 
Monoclinic, P2 l /c 
a = 16.0521 (16) A 
b = 19.2628 (18) A 
c = 10.4767 (10) A 
/3 = 90.024 (2)° 

Data collection 

Bruker APEX CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2004) 
7",™ = 0.919, r mttx = 0.970 

Refinement 

R[F 2 > 2a(F 2 )] = 0.050 

W R(F 2 ) = Q.UA 

S = 1.03 

5732 reflections 

406 parameters 



V = 3239.5 (5) A 3 
Z = 2 

Mo Ka radiation 
li = 0.39 mm~' 
T = 185 K 

0.22 x 0.14 x 0.08 mm 



17425 measured reflections 
5732 independent reflections 
3710 reflections with / > 2o(I) 
R iM = 0.064 



4 restraints 

H-atom parameters constrained 
A/w = 0.52 e A~ 3 
Apmh>= -0.43 e A~ 3 



Data collection: SMART (Bruker, 2002); cell refinement: SAINT 
(Bruker, 2002); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

This work was supported by National Analytical Research 
Center of Electrochemistry and Spectroscopy, Changchun 
Institute of Applied Chemistry, Changchun, China. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LX2202). 
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{5,1 0,1 5,20-Tetrakis [4-(octyloxy)phenyl] porphyrinato} copper(II) 

D.-L. Yang, H.-B. Zhao, J.-X. Liao, L. Chen and B.-Y. Wang 

Comment 

Porphyrins, metalloporphyrins, and their derivatives are researched in many fields, such as molecular electronic devices 
(Holten et ah, 2002), natural photosynthetic systems (Gust & Moore, 1985), electronic devices (Gunter & Johnston, 1992) 
or enzyme mimics (Anderson & Sanders, 1995). In this paper, we report the crystal structure of the title compound. 

The porphyrin moiety in the title compound is essentially planar, the macrocyclic core 24-menbered ring is planar with 
the mean deviation of 0.027 (3) A. The fourcoordinate Cu ion fitting into its center at 1.997 (2)-2.001 (2) A, from the 
surrouding pyrrole N atoms, in agreement with that found in the related compounds (Fleischer 1963; Fleischer et ah, 1964; 
He 2007.). The /?-octyloxyphenyl groups are rotated at angles of 84.02 (8) ° (C11-C16) and 77.02 (6) ° (C25-C30) with 
respect to the porphyrin mean plane, due to steric hindrance with the pyrrole-H atoms of the macrocycle. Two terminal C 
atoms (C23 & C24) in the octyl group are disordered over two positions with site occupancy factors, from refinement of 
0.4510 (7) (part A) and 0.5489 (3) (part B). 

Experimental 

0.04mmol meso-tetrakis[p-(octyloxy)phenyl] porphyrin and 0.40mmol Cu(CH3COO)2-H20 were dissolved in 20 ml chlo- 
roform, refluxed for 8 hours, and the solvent was removed by a rotary evaporator, the residue was purified by column chro- 
matography with chloroform, then crystallized by methanol and chloroform, and a purple solid was obtained (yield=55%). 
Single crystals were recrystallization from a dichloromethane solution at room temperature. 

Refinement 

H atoms were positioned geometrically and refined using a riding model, with C-H = 0.95 (aromatic), 0.99 (CH2) and 0.98 
(CH3) A and with C/i S0 (H) = 1.2(1.5 for methyl) t/ e q(C). Two terminal C atoms (C23 &C24) in the octyl group are disordered 
over two positions with site occupancy factors, from refinement of 0.4510 (7) (part A) and 0.5489 (3) (part B). The distance 
of equivalent C-C pairs were restrained to 1.540 (1) A and 0.001 A using command DFIX and SADI, respectively, and 
displacement ellipsoids of C23 & C24 set were restrained to 0.01 using command ISOR and DELU. 
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Figures 




Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 50% probability level. Two terminal C atoms (C23 & 
C24) in the octyl group are disordered over two positions with site occupancy factors, from 
refinement of 0.4510 (7) (part A) and 0.5489 (3) (part B). H atoms were omitted for clarity. 
[Symmetry codes: (i) - x+ 1, -y+ 1, -z+ 1.] 



{5,10,15,20-Tetrakis[4-(octyloxy)phenyl]porphyrinato}copper(ll) 



Crystal data 

[Cu(C76H 9 2N 4 04)] 

M,-= 1189.08 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 16.0521 (16) A 
b= 19.2628 (18) A 
c= 10.4767 (10) A 
(3 = 90.024 (2)° 

V= 3239.5 (5) A 3 

Z = 2 



P(000) = 1274 

D x = 1.219 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 303 1 reflections 

6 = 2.5-23.5° 

|i = 0.39mm _1 

T= 185 K 

Block, purple 

0.22 x 0.14 x 0.08 mm 



Data collection 

Bruker APEX CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

phi and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2004) 
r min = 0.919, J max = 0.970 
17425 measured reflections 



5732 independent reflections 

3710 reflections with I > 2a(7) 
R int = 0.064 

©max — 25. 1 , 9 mjn — 1 -7 

£ = -16^19 

k = -22^22 
/ = 12^1 1 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )} = 0.050 
wR(F 2 ) = 0.124 

S= 1.03 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: difference Fourier map 
H-atom parameters constrained 

w = \l[o 2 (F 2 ) + (0.0573P) 2 + 0.545 IP] 
where P = (F 0 2 + 2F 2 )/3 
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5732 reflections 
406 parameters 
4 restraints 



(A/0) max = 0.002 
Apmax = 0.52 e A~ 
Apmin = -0.43 e A 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




Cul 


0.0000 


0.0000 


0.0000 


0.01922 (16) 


Nl 


0.06186 (15) 


0.08619 (10) 


0.0474 (2) 


0.0187 (6) 


N2 


-0.09244(15) 


0.05769 (11) 


-0.0721 (2) 


0.0210 (6) 


Ol 


0.47610 (14) 


0.09309 (10) 


0.4409 (2) 


0.0348 (6) 


02 


-0.09354 (13) 


0.46495 (9) 


-0.07939 (19) 


0.0286 (5) 


CI 


0.13671 (19) 


0.09088 (14) 


0.1114(3) 


0.0210 (7) 


C2 


0.1588 (2) 


0.16259 (14) 


0.1298 (3) 


0.0248 (8) 


H2 


0.2070 


0.1797 


0.1721 


0.030* 


C3 


0.09840 (19) 


0.20081 (14) 


0.0755 (3) 


0.0248 (7) 


H3 


0.0967 


0.2500 


0.0710 


0.030* 


C4 


0.03719 (19) 


0.15420 (14) 


0.0259 (3) 


0.0207 (7) 


C5 


-0.03763 (19) 


0.17514(14) 


-0.0293 (3) 


0.0207 (7) 


C6 


-0.09829 (19) 


0.12931 (14) 


-0.0732 (3) 


0.0217 (7) 


C7 


-0.17422 (19) 


0.14997 (15) 


-0.1334 (3) 


0.0261 (8) 


H7 


-0.1929 


0.1963 


-0.1458 


0.031* 


C8 


-0.2143 (2) 


0.09192 (14) 


-0.1693 (3) 


0.0279 (8) 


H8 


-0.2666 


0.0895 


-0.2115 


0.033* 


C9 


-0.16300 (19) 


0.03415 (14) 


-0.1318 (3) 


0.0228 (7) 


C10 


0.18378 (19) 


0.03500 (14) 


0.1551 (3) 


0.0222 (7) 


Cll 


0.26082 (19) 


0.05015 (13) 


0.2320 (3) 


0.0220 (7) 


C12 


0.3363 (2) 


0.06474 (16) 


0.1743 (3) 


0.0355 (9) 


H12 


0.3399 


0.0651 


0.0838 


0.043* 


C13 


0.4071 (2) 


0.07895 (16) 


0.2466 (3) 


0.0355 (8) 


H13 


0.4584 


0.0892 


0.2054 


0.043* 


C14 


0.4027 (2) 


0.07817 (14) 


0.3783 (3) 


0.0247 (7) 


C15 


0.3287 (2) 


0.06294 (16) 


0.4370 (3) 


0.0345 (8) 


H15 


0.3257 


0.0615 


0.5275 


0.041* 


C16 


0.2579 (2) 


0.04953 (16) 


0.3638 (3) 


0.0338 (8) 


H16 


0.2066 


0.0398 


0.4054 


0.041* 
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U.025J 


A O OA 1 

— U.ZoUl 


A A1Q* 

U.U35 


H35B 


-(J. 2665 


a 

U.632 / 


A /I A£ A 


A A1 O * 

U.U38* 


C36 


-(J. 3 136 (2) 


U. /2/ /9 (lb) 


-U.3DZO (3) 


A A A A 1 { 1 A\ 
U.U441 (1U) 




U.3304 


A "7/1 "7 C 
U. /4 / J 


A T7T7 

— u.z /z / 


A AC1 * 


H36B 


— U.26/5 


A "7CO C 

U. /585 


U.3o 1 J 


A ACQ * 

U.U53* 


C3 / 


-U.3816 (2) 


A T>T>/1 ^1 0\ 
I). 1 11 14 (18) 


-U.4!)3o (4) 


A AC11 / 1 1 \ 

U.U523 (11) 


H37A 


-0.3575 


0.7106 


-0.5350 


0.063* 


H37B 


-0.4011 


0.7754 


-0.4672 


0.063* 


C38 


-0.4555 (3) 


0.6823 (2) 


-0.4201 (4) 


0.0675 (13) 


H38A 


-0.4365 


0.6350 


-0.4022 


0.101* 


H38B 


-0.4947 


0.6816 


-0.4918 


0.101* 


H38C 


-0.4833 


0.7012 


-0.3444 


0.101* 



Atomic displacement parameters (A 2 ) 





U n 


U 22 


t/ 33 


U 12 


U u 


C/ 23 


Cul 


0.0204 (3) 


0.0137 (2) 


0.0236 (3) 


0.0008 (2) 


-0.0081 (2) 


0.0002 (2) 


Nl 


0.0211 (15) 


0.0150(12) 


0.0199(13) 


0.0008 (10) 


-0.0039 (11) 


-0.0011 (10) 


N2 


0.0232 (15) 


0.0152(12) 


0.0245 (13) 


0.0005 (11) 


-0.0078 (12) 


0.0003 (10) 


01 


0.0303 (14) 


0.0343 (12) 


0.0398 (13) 


-0.0059 (10) 


-0.0178 (11) 


-0.0014 (10) 


02 


0.0362 (14) 


0.0160 (10) 


0.0338 (12) 


0.0042 (9) 


0.0001 (11) 


0.0041 (9) 


CI 


0.0227 (19) 


0.0195 (15) 


0.0207 (16) 


-0.0004 (13) 


-0.0048 (14) 


-0.0018(12) 


C2 


0.028 (2) 


0.0177(15) 


0.0288 (18) 


-0.0044 (13) 


-0.0066 (15) 


-0.0023 (13) 


C3 


0.028 (2) 


0.0162(15) 


0.0302(17) 


-0.0013 (13) 


-0.0048 (15) 


-0.0030 (13) 


C4 


0.027 (2) 


0.0146(14) 


0.0204 (16) 


-0.0006 (13) 


-0.0001 (14) 


-0.0010 (12) 


C5 


0.0239 (19) 


0.0171 (15) 


0.0212(16) 


0.0010(13) 


-0.0029 (14) 


0.0014(12) 


C6 


0.0251 (19) 


0.0158(14) 


0.0241 (16) 


0.0022 (13) 


-0.0055 (14) 


0.0010(12) 


C7 


0.028 (2) 


0.0173 (15) 


0.0333 (18) 


0.0031 (13) 


-0.0088 (15) 


-0.0009 (13) 


C8 


0.025 (2) 


0.0231 (16) 


0.0352 (18) 


0.0033 (14) 


-0.0132 (15) 


0.0030 (14) 


C9 


0.0226 (19) 


0.0210(16) 


0.0247 (17) 


0.0019(13) 


-0.0059 (15) 


0.0004(13) 


C10 


0.0225 (19) 


0.0200 (15) 


0.0239 (17) 


0.0004 (13) 


-0.0057 (14) 


-0.0013 (13) 


Cll 


0.0231 (19) 


0.0136 (13) 


0.0293 (18) 


0.0018 (13) 


-0.0061 (15) 


0.0006 (13) 


C12 


0.032 (2) 


0.047 (2) 


0.0276 (18) 


-0.0055 (17) 


-0.0092 (17) 


0.0038 (15) 


C13 


0.023 (2) 


0.047 (2) 


0.036 (2) 


-0.0092 (16) 


-0.0029 (16) 


0.0014(16) 


C14 


0.024 (2) 


0.0174 (15) 


0.0324 (18) 


-0.0010 (13) 


-0.0105 (15) 


-0.0020 (13) 


C15 


0.033 (2) 


0.043 (2) 


0.0271 (18) 


-0.0059 (17) 


-0.0072 (16) 


-0.0046 (15) 


C16 


0.025 (2) 


0.044 (2) 


0.033 (2) 


-0.0059 (16) 


-0.0044 (16) 


-0.0031 (15) 


C17 


0.037 (2) 


0.0327 (18) 


0.046 (2) 


-0.0014 (16) 


-0.0179 (18) 


-0.0003 (16) 


C18 


0.042 (2) 


0.0279 (18) 


0.053 (2) 


-0.0003 (16) 


-0.0260 (19) 


-0.0030 (16) 


C19 


0.041 (2) 


0.0244(17) 


0.056 (2) 


0.0008 (16) 


-0.0239 (19) 


-0.0009 (16) 
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czu 


U.U30 (Z J 


U.UZ3Z (,1 /J 


A A/^A 0\ 

U.UoU (Z ) 


A A A 1 M C\ 

— U.UUlo (l->) 


A ATI 0 ( 1 fl\ 

- u.uz3o (iy) 


A AA 11/^1 &\ 

— U.UU13 (lo) 


CZ 1 


A ATI /"3\ 

U.U / 1 (3 ) 


U.UZ04 (i y) 


A AQQ CX\ 

U.Uoy (3 ) 


A A1 A1 /I Q\ 

u.uiu3 (iy) 


A A/1 O CX\ 

U.U4o (3 ) 


A AA17 (\ Q\ 

u.uu3 / (iy) 


l^ZZ 


a a^a 
U.UoU (3 ) 


A AT OA / 1 Q\ 

u.uzou (iy) 


A A7Q fl\ 

u.u /y (3 ) 


A AA 1 /C (\ Q \ 

U.UUlo (lc>) 


A A17 /T\ 

U.U3 / (Z) 


A AACQ / 1 Q\ 

u.uu3y (iy) 


CZ3 


U.Uo / (/) 


A ATO 

U.U35 (3 J 


a m i (q\ 
U.U / 1 (/) 


A A AO /C\ 

U.UUo ( J ) 


A ATI (£>\ 

U.UZ3 (0 ) 


U.UUO (4 ) 


CIA 
CZ4 


U.1Z1 (14) 


A A/1 O f T~\ 

U.U4Z ( / ) 


A ACQ (C\\ 

u.ujy (y ) 


A A1/1 fQ\ 

U.U34 (o ) 


A A 1 1 (H\ 

U.U1 1 ( /) 


A AA1 (£\ 

U.UU3 (0) 


CZ3 


a at/: 
U.U30 [p ) 


A AT 1 (A\ 

U.U31 (4) 


A A/1 (L SC\ 

U.U4o (3 ) 


A A 1 A S1\ 

U.U1U (3 ) 


A AA Q ( A\ 

U.UUo (4 ) 


A AA/C (A\ 

U.UUo (4 ) 


CZ4 


a a^o sq\ 
U.U05 (y ) 


A A 1 *7 fC\ 

U.U1 / (3) 


A 1 T7 (\ A \ 

U.1Z / (14) 


A AA1 

U.UU3 (j ) 


A A 1 1 (C\\ 

u.u 13 (y) 


A AA/1 (C\\ 

u.uu4 (y ) 


/^T <N 

CZ3 


a Aooa /i o\ 
U.UZZ / (lo) 


A A1 /CA /I /1\ 

U.UloU (14) 


A AT IT (\ C\ 

KjXjLdL (Id) 


A AAA7 (\ X\ 

U.UUU / (13) 


A AAC7 (\ A\ 

U.UU3 / (14) 


A AAA 1 (\ X\ 

U.UUU1 (13) 


CZo 


U.U44 (Z J 


A ATT/1 /I £\ 

u.uzz4 (i 0) 


A AIH (\ Q\ 

U.U333 (iy) 


A AAQA (\ C\ 

u.uuyu (i j) 


A AAZZT (\ n\ 

U.UUuZ (1 /) 


A AAA Q (\ A\ 

U.UUUo (14) 


^77 

cz / 


A A/1 7 /")\ 

U.U4Z (Z J 


A AT T A / 1 (i\ 

U.UZZU (lo) 


A A1T7 (\ Q\ 

u.ujz / (iy) 


U.UU3U (13) 


a aa/;o (~\ ~}\ 
U.UUoo (1 /) 


a nrn^ (\ a \ 

U.UU /O (14) 


L-Z5 


A AT7 /")\ 

U.UZ / (Z) 


A A1 Q 1 ft A\ 

U.Ulol (14) 


A ATCO (\ n\ 
U.UZjo (1 /) 


A AA/1 1 /I 1\ 

U.UU43 (13) 


A AAOO ( 1 C\ 

U.UUoo (13) 


A AAAT / 1 1\ 

U.UUUZ (13) 


czy 


A at/; 
U.U30 (Z ) 


A ATCQ (\ ~!\ 


A A1Q (")\ 

U.U3o (Z ) 


A AA*7 1 n C\ 

U.UU / I (13) 


A A 1 AA (\ ~l\ 

u.uiuy (i /) 


A AAT7 (\ C\ 

U.UUZ / (13) 


C3U 


a ni/l /7~\ 
U.U34 (Z J 


A AT 1/1 /I ZZ~\ 

u.uz 1*4 (i 0) 


a mo/; (\ Q\ 

u.ujoo (iy) 


A AAA 1 (\ A\ 

U.UUU1 (14) 


A AAQ 1 C\H\ 

U.UUol (1 /) 


A AH77 (\ A \ 
U.UU / / (14) 


/ '1 1 
C3 1 


a at II 
U.U3 13 (iy) 


A AT IT n c\ 

U.UZ13 (1 3) 


a Ai/1/; ( i ~}\ 
U.U34D (1 /) 


U.UUUU (13) 


A AAA/1 n C\ 

U.UUU4 (13) 


A AA/CO (\ C\ 

U.UUoo (13) 


C3Z 


A AT 1 /t~\ 
U.U31 (Z) 


A A1 OQ ( 1 c\ 

u.uioy (13) 


A A1Q7 ( 1 Q\ 

u.ujo / (iy) 


A AAT 7 (\A\ 

U.UUZ / (14) 


A AA7A (\ C\ 

U.UU /U (10) 


A AA1 T (\ A\ 

U.UU3Z (14) 


C33 


A AT T /T\ 

0.033 (2) 


A A1 0*7 / 1 C\ 

0.018/ (Id) 


0.0330 (18) 


A AAAA /1 A \ 

0.0009 (14) 


A AA/CT / 1 C\ 

-0.0063 (lo) 


A AA I 1 ("1 T\ 

0.0013 (13) 


C34 


0.037 (2) 


0.0194(15) 


0.0372 (19) 


-0.0010(14) 


-0.0089 (17) 


0.0004 (14) 


C35 


0.037 (2) 


0.0222 (16) 


0.0357 (19) 


0.0012(15) 


-0.0099 (17) 


0.0013 (14) 


C36 


0.050 (3) 


0.0279 (18) 


0.055 (2) 


0.0076 (17) 


-0.019(2) 


-0.0024(17) 


C37 


0.060 (3) 


0.0310(19) 


0.066 (3) 


0.0086 (19) 


-0.029 (2) 


0.0057 (18) 


C38 


0.048 (3) 


0.079 (3) 


0.076 (3) 


0.010 (2) 


-0.023 (2) 


0.014(2) 



Geometric parameters (A, °) 



Cul— Nl 1 


1.997 (2) 


C21— H21B 


0.9900 


Oil— Nl 


1.997 (2) 


C22— C23' 


1.544 (4) 


Cul— N2 


2.002 (2) 


C22— C23 


1.550 (5) 


Cul— N2 1 


2.002 (2) 


C22— H22A 


1.0101 


Nl— CI 


1.379 (3) 


C22— H22B 


1.0014 


Nl— C4 


1.387 (3) 


C22— H22C 


1.0006 


N2— C9 


1.371 (3) 


C22— H22D 


0.9822 


N2— C6 


1.383 (3) 


C23— C24 


1.537 (5) 


Ol— C14 


1.379 (3) 


C23— H23A 


0.9900 


Ol— C17 


1.414(4) 


C23— H23B 


0.9900 


02— C28 


1.381 (3) 


C24— H24A 


0.9800 


02— C31 


1.436 (3) 


C24— H24B 


0.9800 


CI— C10 


1.392 (4) 


C24— H24C 


0.9800 


CI— C2 


1.439 (4) 


C23'— C24' 


1.540 (5) 


C2— C3 


1.344 (4) 


C23'— H23C 


0.9900 


C2— H2 


0.9500 


C23'— H23D 


0.9900 


C3— C4 


1.429 (4) 


C24'— H24D 


0.9800 


C3— H3 


0.9500 


C24'— H24E 


0.9800 


C4— C5 


1.393 (4) 


C24'— H24F 


0.9800 


C5— C6 


1.393 (4) 


C25— C30 


1.379 (4) 


C5— C25 


1.507 (4) 


C25— C26 


1.379 (4) 


C6— C7 


1.429 (4) 


C26— C27 


1.399 (4) 


C7— C8 


1.343 (4) 


C26— H26 


0.9500 


C7— H7 


0.9500 


C27— C28 


1.375 (4) 


C8— C9 


1.439 (4) 


C27— H27 


0.9500 
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C8— H8 


0.9500 


C28— C29 


1.383 (4) 


C9 — CIO' 


1.394 (4) 


C29— C30 


1.387 (4) 


pi/i pn' 

ciu — C9 




r?9 tr?9 


0 95(1(1 


pin p 1 1 
CIU — CI 1 


1 cn/i l a\ 
1.5U4 (4) 


p*jn um 
C3U — H3U 


n ncnn 
U.95UU 


n i p 1 ^ 
CI 1 — C12 


1 1Q1 i A \ 

1.383 (4) 


P"31 P"n 

C31 — C32 


1 c 1 n i a \ 
1.51U (4) 


n 1 p 1 r 

CI 1 — Clo 


1 1 O 1 f A \ 

1.381 (4) 


pi 1 TTQ 1 A 

C31 — H31A 


n nnnn 
U.99UU 


C12 — CI 3 


1 mi { a \ 
1.393 (4) 


pi 1 TTQ 1 II 

C31 — H31B 


n nnnn 

u.yyuu 


Clz — H12 


n ncnn 
U.95UU 


pt> pn 
C32 — C33 


1 Cn { A\ 

1.522 (4) 


Clo — C14 


1.381 (4) 


C32 — H32A 


n nnnn 

u.yyuu 


C13 — tili 


n ncnn 

u.95uu 


C32 — H32B 


n nnnn 

u.yyuu 


P1 /l n c 
C14 — CO 


1 i /;n /"/l \ 
1.3o9 (4) 


pn pn 
C33 — C34 


1 c 1 n ( a\ 
1.519 (4) 


pi f p 1 /r 

CO — Clo 


1 i n/: //i \ 
1.396 (4) 


pn ul i a 
C33 — H33A 


n nnnn 

u.yyuu 


pi r UK 

CO — HO 


n ncnn 

u.95uu 


pn uno 
C33 — H33B 


n nnnn 

u.yyuu 


P1 /C u 1 /; 
Clo — Hlo 


n ncnn 

u.95uu 


pii pic 

C34 — C35 


1 c 1 n 
1.3 19 (4) 


CI / — CIS 


1 Cn { A\ 

1.523 (4) 


pil TJI /I A 

C34 — H34A 


n nnnn 

u.yyuu 


Pl-I TT 1 -7 A 

CI / — HI /A 


n nnnn 

u.yyuu 


PI /l TJ1 AT} 

C34 — H34B 


n nnnn 

u.yyuu 


pn TT 1 TTD 

CI / — HI ID 


n nnnn 

u.yyuu 


PTC pi<r 

C35 — C3o 


1 cn f a\ 
1.523 (4) 


pi n pm 

CIS — ciy 


1 Cn //I \ 

1.533 (4) 


PTC TJI C A 

C35 — H35A 


n nnnn 

u.yyuu 


PI I) TT 1 O A 

CIS — H1SA 


n nnnn 

u.yyuu 


PIC TJI CD 

C35 — H35B 


n nnnn 

u.yyuu 


pi n tt 1 OT3 

Clo — H1SB 


n nnnn 

u.yyuu 


pit pn 
C36 — C3 / 


1 on l a \ 
1.52U (4) 


pm ptpi 

civ — czu 


1.521 (4) 


P5i; TJI /; A 

C3o — H3oA 


n nnnn 

u.yyuu 


p 1 n tj m a 

ciy — HiyA 


n nnnn 

u.yyuu 


pi/: tji 
C36 — H3oiS 


n nnnn 

u.yyuu 


rig H19B 


0.9900 


C37 C38 


1.510 (5) 


C20— C21 


1.521 (4) 


C37— H37A 


0.9900 


C20— H20A 


o.9yoo 


C37— H37B 


0.9900 


C20— H20B 


0.9900 


C38— H38A 


0.9800 


C21— C22 


1.518(4) 


C38— H38B 


0.9800 


C21— H21A 


o.9yoo 


C38— H38C 


0.9800 


Nl 1 — Cul— Nl 


180.00 (6) 


C23— C22— H22A 


124.4 


Nl 1 — Cul— N2 


89.96 (9) 


C21— C22— H22A 


106.2 


Nl— Cul— N2 


90.04 (9) 


C23'— C22— H22B 


130.3 


Nl'— Cul— N2' 


90.04 (9) 


C23— C22— H22B 


98.8 


Nl — Cul — N2' 


89.96 (9) 


C21— C22— H22B 


106.9 


\n p., i \n l 
JN2 — Cul — JN2 


1 so. n 

1 ou.u 


H77A P77 H77R 


1 (14 8 


P1 \T1 P/1 

CI — JN 1 — C4 


1 nc a (™t\ 
1U5.4 (2) 


ptqi pn> trnp 
C23 — C22 — H22C 


m n 

y2.u 


P 1 M 1 Pi, 1 

CI — JN 1 — Cul 


12/.4/ (1 /) 


PT1 pn trnp 
C23 — C22 — H22C 


1 C 

125.5 


P/1 M 1 Pi, 1 

C4 — JN 1 — Cul 


m m /] n\ 
12 /.1U (19) 


pn ptt trnp 
C2 1 — C22 — H22C 


1 no i 
1US.3 


pn \n p/r 
Cy — JN2 — Co 


1U5. / (2) 


pn' pii imn 
C23 — C22 — H22D 


1 "n n 
122.y 


pn \n p., 1 
Cy — JN2 — Cul 


120.93 (IS) 


P*»1 pn unn 
C2 1 — C22 — H22D 


1 nn /i 

iuy.4 


p/; \n p., 1 
Co — JN2 — Cul 


m yin / 1 o\ 
12 /.4U (IS) 


imp pn Tjm>T~\ 
H22C — C22 — H22D 


1 n~7 /i 
1U/.4 


pi 1 p,i PIT 

C14 — Ul — CI / 


in n fi\ 

ii /.y (3) 


Pn Pn PT/1 

C22 — C23 — C24 


111 1 /n\ 

in.i (y ) 


P^iO PiO P*J 1 

C28 — 02 — C3 1 


lien 

116.9 (2) 


pn pn TTn a 
C22 — C23 — H23A 


1 nn a 

1U9.4 


Nl— CI— CIO 


125.6 (2) 


C24— C23— H23A 


109.4 


Nl— CI— C2 


110.0(2) 


C22— C23— H23B 


109.4 


CIO— CI— C2 


124.4 (3) 


C24— C23— H23B 


109.4 


C3— C2— CI 


106.9 (3) 


H23A— C23— H23B 


108.0 


C3— C2— H2 


126.5 


C24'— C23'— C22 


106.8 (7) 
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/~i i f~"~) II") 

CI — CZ — hlZ 


1Z0.J 


CZ — Cj — C4 


1U /.O (Z) 


CZ — C3 — hi 3 


1 l/C 1 

1Z0.1 


/^/l /-1-3 IT'I 

C4 — Co — hi 3 


1Z0.1 


CD — C4 — JN 1 


IZj.y (Zj 


CD — C4 — C3 


1Z4.Z (Z J 


Ml r^A / • 1 

JN 1 — C4 — C3 


lUV.O (Z) 


Co — CD — C4 


1Z3.5 (Z) 


Co — CD — CZj 


Ho.4 (3) 


C4 — Cj — CZj 


11 /.o (Z) 


JNZ — Co — Cj 


IZj.O (3) 


M1 / • /; P^"7 

JNZ — Co — C / 


luy.o (Zj 


Cj — Co — C / 


1Z4.4 (Zj 


PR r7 PA 
v 0 v / ^O 




C8 — C7 — H7 


126.3 


C6— C7— H7 


126.3 


C7— C8— C9 


107.1 (3) 


C7— C8— H8 


126.5 


C9— C8— H8 


126.5 


N2— C9— CIO' 


126.4 (3) 


N2— C9— C8 


109.9 (2) 


CIO'— C9— C8 


123.7 (3) 


Cl — CIO — C9' 


123.5 (3) 


CI — CIO — Cll 


118.2 (2) 


pn 1 nn pi i 
C9 — CIO — Cll 


1 1 8 A (7\ 


C12 — Cll — C16 


118.0 (3) 


C12 — Cl 1 — C1U 


121. / (3 J 


p 1 /: n 1 

ClO — Cll — CIO 


120.3 (3) 


Cl 1 — C12 — Clo 


ni 1 /1 \ 
121.1 (3) 


Cl 1 — C12 — H12 


1 in ^ 

ny.4 


C13 — C12 — H12 


1 in d 

ny.4 


C12 — C13 — C14 


1 1 ft n n\ 

ny.y (3) 


pn pi 1 u 1 1 
C12 — C13 — H13 


1 in a 
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pi i p 1 1 un 
C14 — C13 — tili 


1 in a 
120.0 


pi r pi 1 p,i 

CIS — C14 — Ol 


11/1 A /1\ 

124.y (3) 


PI C p| A p| 1 

Cl J — C14 — Cl 3 


i iy. / (3 j 


p. 1 pi 1 pn 
Ul — C14 C13 


11C A i1\ 

115.4 (3) 


pi 1 pi f pu 

C14 — CO — Clo 


1 1 A A ^1 \ 

120.0 (3) 


pi 1 pi f UK 

C14 — Cl J — HID 


1 in a 
120.0 


PU pi f UK 

cio — ci 5 — mi 


1 in a 
120.0 


P11 pu pi f 

Cl 1 — Clo — Cl J 


111 1 /"3\ 

121.3 (3) 


P11 pit uu 
Cl 1 — Clo — Hlo 


1 1 n a 

ny.4 


C15— C16— H16 


119.4 


Ol— C17— C18 


107.3 (3) 


Ol— C17— H17A 


110.2 


C18— C17— H17A 


110.2 


Ol— C17— H17B 


110.2 


C18— C17— H17B 


110.2 



CZ4 — CZ3 — hlZ3C 


1 1 A A 
1 10.4 


CZZ — CZ3 — hlZ3C 


1 1 A A 
1 10.4 


CZ4 — CZ3 — hlZ3L) 


1 1 A A 
1 10.4 


CZZ — CZ3 — hlZ3L) 


1 1 A A 
1 10.4 


HZ3C — CZ3 — HZ3D 


1 AO £L 

108.6 


CZ3 — CZ4 — hlZ4L) 


1 AA C 

ioy.5 


poll /~ 1 '">/1' WMC 

CZ3 — CZ4 — rlZ4n 


1 AO C 


rlZ4L> — CZ4 — rlZ4n 


1 AO C 

luy.j 


Pill p^T/i' in ,1 rr 
CZ3 — CZ4 — hlZ4h 


1 AA C 

ioy.5 


in ,1 fa in 1 tr 
hlZ4L) — CZ4 — hlZ4h 


1 AA C 

ioy.5 


1 1 1 ,1 r /~"">/i' II") 1 ET 

hlZ4b — CZ4 — hlZ4h 


1 AA C 

ioy.5 


P1A PTC /'•">/' 

C3U — CZj — CZ0 


1 1 O A /!\ 

118.0 (i) 


pin ptc pc 
C3U — CZj — Cj 


111 c n\ 
122.5 (i) 


v^zo — C-ZJ — L^J 


1 1 Q A 
1 1 y .4 ( j) 




121.4 (3) 


C25— C26— H26 


119.3 


C27— C26— H26 


119.3 


C28— C27— C26 


119.5 (3) 


C28— C27— H27 


120.3 


C26— C27— H27 


120.3 


02— C28— C27 


124.4 (3) 


02— C28— C29 


115.8 (3) 


C27— C28— C29 


119.8 (3) 


C28 — C29 — C30 


119 7 (31 


09, C?Q H7Q 

v*z,o — \^z*y — snz.y 


120.1 


P1A pia um 
C30 — C2y — H2y 


1 1A 1 
120.1 


PIC PIA PIA 

C25 — C30 — C2y 


111 C \ 

121.5 (3) 


pic pin ui a 
C25 — C30 — H30 


1 1 n i 

ny.2 


pia pin ui A 
C2y — C30 — H30 


1 1 n 1 
1 19.2 


p.1 pi 1 pi 1 
U2 — C3 1 — C32 


1 AO A f1\ 

108.0 (i) 


P.1 PI 1 Ul 1 A 

02 — C3 1 — Hi 1 A 


1 1 A 1 
110.1 


P1 1 PI 1 Ul 1 A 

C32 — C3 1 — Hi 1 A 


1 1 A 1 
110.1 


P.1 PI 1 Ul 1 0 

02 — C3 1 — Hi Its 


1 1 A 1 
110.1 


P11 PI 1 Ul 1 ID 

C32 — C31 — H31B 


1 1 A 1 
110.1 


Ul 1 A PI 1 Ul 1 ID 

Hi 1 A — C3 1 — Hi IB 


1 AO A 

108.4 


P11 pn pn 
C31 — C32 — C33 


111/1 /1\ 

1 12.4 (2) 


pi 1 pn uiia 
C31 — C32 — H32A 


1 AA 1 

ioy.1 


pn pn uiia 
C33 — C32 — H32A 


1 AA 1 

ioy.1 


PI 1 P11 U11T5 

C3 1 — C32 — HUB 


1 AA 1 

ioy.1 


Pll P11 U11T3 

C33 — C32 — H32B 


1 AA 1 

ioy.1 


UIIA Pll U11D 

H32A — C32 — HUB 


1 A"7 A 

10 / .y 


pn pn pi/i 
C32 — C33 — C34 


1 1 C A /1\ 
115.0 (2) 


pn pn un a 

C32 — C33 — H33A 


1 AO C 

108.5 


C34— C33— H33A 


108.5 


C32— C33— H33B 


108.5 


C34— C33— H33B 


108.5 


H33A— C33— H33B 


107.5 


C35— C34— C33 


111.9(2) 
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HI /A — CI / — HI ID 


1 AO C 

108.5 


fn fi n fin 

ci / — cia — ciy 


1 1 1 A i1\ 

112.4 (i) 


p 1 "7 n o tj 1 o a 
CI / — C18 — H18A 


1 AA 1 

iuy.1 


pin n o tj 1 o a 
CIV — Clo — H18A 


1 AA 1 

iuy.1 


P 1 ^7 n O uiod 
CI / — C18 — H18B 


1 AA 1 

iuy.1 


C 1 y — C 1 8 — H 1 8B 


1 AA 1 

iuy.1 


moA no Tji on 
H 1 5 A — C 1 8 — H 1 8B 


1 A"7 A 

iu /.y 


nn pin p i o 

ciu — c i y — c i s 


114.1 (2) 


pta pia tt 1 a a 
C20 — c i y — H 1 y A 


1 AO "7 

108. / 


pio p 1 a umA 

cia — ciy — HiyA 


1 AO "7 
108. / 


PTA P1A tt 1 AO 

ciu — c i y — h i y b 


1 AO "7 
108. / 


P1 O P1A TJ 1 AO 

cio — ciy — Hiyts 


1 AO "7 

108. / 


TJT1AA P1A TJT1AO 

h i y a — c i y — h i y b 


1 A"7 /; 
1U 1.0 


P1A nn pti 

C 1 y — C20 — C2 1 


111 H f)\ 

111./ (i) 


p 1 a nn T-JTA A 

C 1 y — C2U — H2U A 


1 AA Q 

iuy.3 


PI 1 PIA TT1A A 

C2 1 — C2U — H2U A 


109.3 


P1A pia innn 
C 1 y — C2U — H20B 


109.3 


PT| pin TTIOTJ 

C2 1 — C2U — H20B 


1 AA ^ 

109.3 


tji/i A PIA in/ID 

H2UA — C2U — H20B 


1 A"7 A 

iu /.y 


pin PI 1 PT> 

C2U — C2 1 — C22 


1 1 C C i"l \ 

115.5 (3) 


/~">A r")1 TJTl A 

C2U — C2 1 — H2 1 A 


1 AO A 

1U6.4 


Pll PT1 TJTi a 

C22 — C2 1 — H2 1 A 


1 AO A 

108.4 


C2U — C2 1 — H2 1 B 


1 AO A 

1U6.4 


pn pti m 1 r> 
C22 — C2 1 — H2 1 B 


1 AO A 

108.4 


Tin A PH TTIIO 

H21A — C21 — H21B 


107.5 


C23'— C22— C23 


39.6 (4) 


C23'— C22— C21 


114.4 (4) 


C23— C22— C21 


113.8(4) 


C23'— C22— H22A 


89.5 


Symmetry codes: (i) -x, -y, -z. 





pif PI/1 U1 A A 

C35 — C34 — H34A 


1 AA 1 

iuy.2 


P11 PI/1 ui A A 

C33 — C34 — H34A 


1 AA 1 

ioy.2 


pif PI/1 TJIATt 

C35 — C34 — H34B 


1 AA 1 

ioy.2 


pn PI/1 TJ1AT} 

C33 — C34 — H34B 


1 AA 1 

ioy.2 


TJI A A PI A TJI AT} 

H34A — C34 H34B 


1 A"7 A 

io / .y 


PI/1 pic Pl£ 

C34 — C35 — C36 


115.5 (2) 


PI/1 PIC TJIC A 

C34 — C35 — H35A 


1 AO A 

106.4 


pi£ PIC U1 C A 

C36 — C35 — H35A 


1 AO A 

106.4 


PI/1 PIC Tjirn 

C34 — C35 — H35B 


1 AO A 
106.4 


C36 — C35 — H35B 


1 AO A 
106.4 


TJI C A PI C TJI 

H35A — C35 — H35B 


1 A"7 C 
10/. 5 


pn pn /; pic 
C3 / — C36 — C35 


113.3 (i) 


pn pii tji/; a 
C3 / — C36 — H36A 


1 AO A 

los.y 


pic pii tji/: A 
C35 — C36 — H36A 


1 AO A 

los.y 


pn pit tji /;T3 
C3 / — C36 — H36B 


1 AO A 

los.y 


PTC pijT TTi/TT} 

C35 — C36 — H36B 


1 AO A 

los.y 


tji /; a pi/: tji /:r> 
H36A — C36 — H36B 


1 A"7 "7 

10/./ 


pit pn pio 
C36 — C3 / — C38 


111/1 /1\ 

114.0 (i) 


pit pn un a 
C36 — C3 / — H3 /A 


1 AO O 

108.8 


pio pn un a 
C38 — C3 / — H3 /A 


1 AO O 

108.8 


pi/r pin Tjrno 
C36 — C3 / — H3 In 


1 AO O 

108.8 


pio pn Tjno 
C38 — C3 / — H3 la 


1 AO O 

108.8 


TJI "7 A PIT TJI nO 

H3 /A — C3 / — H3 la 


1 A"7 "7 

10/./ 


C37— C38— H38A 


109.5 


C37— C38— H38B 


109.5 


H38A— C38— H38B 


109.5 


C37— C38— H38C 


109.5 


H38A— C38— H38C 


109.5 


H38B— C38— H38C 


109.5 
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